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Abstract—n universal mobile telecommunication system RA Routing area.
(UMTS)_, authentic_ation functions are ut_ilized to ider_1tify and RAND Random number.
authenticate a mobile station (MS) and \_/alldate the service request gggN Serving GPRS support node.
type to ensure that the user is authorized to use the particular UAR U thenticati t and
network services. The authenticating parties are the authentica- sgr authen 'C_a Ion reques ap r.esponse.
tion center (AuC) in the home network and the MS. In UMTS, UMTS  Universal mobile telecommunication system.
the serving general packet radio service support node (SGSN) USIM User service identity module.
ahcceAssgs the AlfJC to obtainI the ﬁuth_enti_catior) ﬁatﬁ, a,\;llg dgl_egateSUTRAN UMTs terrestrial radio access network.
the AuC to perform mutual authentication with the . Since
the cost for accessing AuC is expensive, the SGSN may obtain anXRES Expected response.
array of authentication vectors (AVs) at a time so that the number
of accesses can be reduced. On the other hand, if the siZé of
the AV array is large, the AV array transmission from the AuC |. INTRODUCTION
to the SGSN may be expensive. Thus, it is desirable to select an . P
appropriate K value to minimize tht_a authentica_tion n_etwork INSI\;Eth]?r'gL (rannoebrlellfictileéocsn;mrpjgg:i?(atlosnef\%z;er?ec(:ﬁl\lﬂo-:f)
signaling cost. We propose an analytic model to investigate the g : : ! aqy
impact of K on the network signaling traffic, which is validated evolved from general packet radio service (GPRS), which sup-
by simulation experiments. Then, we propose an automatic ports multimedia services to the mobile users [12], [15]-[17].
K'SE|eCti03 meckrn]anism thakt dynanlw_ically selects thejize zf_ the AV The UMTS architecture is illustrated in Fig. 1. In this archi-
array to reduce the network signaling cost. Our study indicates oo - the packet data services of an mobile station (MS)
that the automatic K-selection mechanism effectively identifies are provided by the serving GPRS support node (SGSN) con
appropriate size of the authentication vector array. - ) - B
o o necting to the UMTS terrestrial radio access network (UTRAN)
Index Terms—Authentication, authentication center (AuC), gen- . covers the MS. For the discussion purpose, we refer to
eral packet radio service (GPRS), home location register (HLR), h db 86 . h
versal mobile telecommunication system :
the gateway GPRS support node (GGSN). Furthermore, the
SGSN communicates with the home location register (HLR)

NOMENCLATURE and the authentication center (AuC) to receive subscriber data
ADR Authentication data request and response. and authentication information of an MS. The HLR maintains
AuC Authentication center. the current location (SGSN number) of an MS. The AuC is
AUTN Authentication token. used in the security data management for the authentication of
AV Authentication vector. subscribers. The AuC may be colocated with the HLR. More
CDR Call detail record. details of UMTS and GPRS can be found in [4] and [13].
CK Cipher key. An SGSN service area is partitioned into several routing areas
GGSN Gateway GPRS support node. (RAs). When the MS moves from one RA to another, a location
GPRS General packet radio service. update is performed, which informs the SGSN of the MSs cur-
HLR Home location register. rent location. Note that a crossing of two RAs within an SGSN
IK Integrity key. area requires aimtra-SGSNlocation update, while a crossing
IMSI International mobile subscriber identity. of two RAs of different SGSN areas requiresiater-SGSNo-
MS Mobile station. cation update. Details of location update and mobility manage-
OMC Operation and maintenance center. ment modeling can be found in [5] and [6].
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AuC: Authentication Center

MS: Mobile Station

GGSN: Gateway GPRS Support Node ~ SGSN: Serving GPRS Support Node

HLR: Home Location Register

__

MS

Fig. 1. Simplified UMTS architecture.

Ms

Distribution of Authentication Vector
1. Authentication Data Request

2. Authentication Data Response

Authentication and Key Establishment
3. User Authentication Request

4. User Authentication Response

Fig. 2. UMTS authentication procedure.

UMTS authentication, the authenticating parties are HLR/AuC

UTRAN: UMTS Terrestrial Radio Access Network

Step 2) Upon receipt of a request from the SGSN, the

IMSI is used to identify the HLR/AuC record of
the MS, and the HLR/AuC sends an ordered array
of K AVs (generated based on the MS record)
to the SGSN through theAuthentication
Data Response message. An AV consists of
a random number RAND, an expected response
XRES, a cipher key CK, an integrity key IK, and an
authentication token AUTN. Each AV is good for
one authentication and key agreement between the
SGSN and the USIM.

The HLR/AuC may have precomputed the re-
quired AVs and retrieve these AVs from the HLR
database or may compute them on demand.

in the home network and the user service identity modulehe next two steps authenticate the user and establish a new
(USIM) in the user’'s MS. Two major authentication procedure\p%“r of cipher and integrity keys between the SGSN and the

are described in this paper. USIM.

Distribution of Authentication VectorThis procedure dis-
tributes authentication vectors (AVs) from the HLR/AuC to the
SGSN. An AV is temporary authentication data, which enables
an SGSN to engage in UMTS authentication and key agreement
with a particular user. We assume the following.

* The HLR/AUC trusts that the SGSN will handle authenti-
cation information securely.

e« The communication path between the SGSN and
HLR/AuC are adequately secure.

* The user (MS/USIM) trusts the HLR/AuC.

Authentication and Key Establishmen&SM only provides
one-way authentication. In UMTS, mutual authentication is
achieved by sharing a secret key between the USIM and the
HLR/AuC [3]. This procedure follows a challenge/response
protocol identical to the GSM subscriber authentication
and key establishment protocol [13] combined with a
sequence-number-based one-pass protocol for network authen-
tication derived from ISO/IEC 9798-4 [7].

Signaling flows of above two procedures are described in the
following steps (see Fig. 2).

Step 1) When an MS moves into a new SGSN area, the
SGSN does not have previously stored authenti-
cation information (i.e., AVs). The SGSN invokes
the distribution of authentication vector procedure
by sending theAuthentication Data Re-

Step 3) When the SGSN initiates an authentication and key

agreement, it selects the next unused authentication
vector from the ordered AV array and sends the pa-
rameters RAND and AUTN (from the selected au-
thentication vector) to the USIM through thiser
Authentication Request message.

Step 4) The USIM checks whether AUTN can be accepted

and, if so, produces a response RES which is sent
back to the SGSN through thdser Authen-
tication Response message. The SGSN
compares the received RES with XRES. If they
match, then the authentication and key agreement
exchange is successfully completed. Note that in
this mutual authentication procedure, AUTN is
used by the USIM to authenticate the network, and
RES/XRES is used by the network to authenticate
the USIM.

In this step, the USIM also computes CK and IK
using the received AUTN. During data delivery, CK
and IK are utilized to perform ciphering and integrity
functions in the MS. On the other hand, the SGSN
retrieves CK and IK from the AV and passes them to
the UTRAN for data ciphering and integrity. Details
of CK and IK generation at the MS side are given in
[3, Secs. 6.5, 6.6].

quest message to the HLR/AuUC. This messagBlote that the message names in the above descriptions are
includes the international mobile subscriber identithased on [3]. In [1], the actual SS7 messages sent in Steps

(IMSI) that uniquely identifies the MS.

1 and 2 areMAP_SEND_AUTHENTICATION_INFGand
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Fig. 3. Timing diagram.

MAP_SEND_AUTHENTICATION_INFO_ack In [2], the number of ADRs performed when an MS is in an SGSN area.
messages exchanged in Steps 3 and 4athentication On the other hand, with a largk, the AVs may occupy too
Request andAuthentication Response . much network bandwidth for every transmission from the AuC
Third-generation partnership project (3GPP) TS 33.102 [8) the SGSN. Thus, it is desirable to select an appropriate
describes a procedure to distribute authentication data fronvadue to minimize the authentication network signaling cost. In
previously visited SGSN to the newly visited SGSN. This prahe next section, we propose an analytic model to investigate
cedure assumes that the links between SGSNs are adequdtedyimpact ofK' on the network signaling traffic. Based on the
secure. In reality, it may not be true (especially when SGSMsalysis, we then propose a mechanism to select appropriate
are owned by different service providers or even different cousize of the authentication vector array. The notation used in this
tries). Thus, we assume that when the MS moves from the gdper is listed in the Nomenclature.
SGSN area to a new SGSN area, the authentication data stored

in the old SGSN are not sent to the new SGSN. Instead, the Il. ANALYTIC MODELING WITH FIXED K
new SGSN obtains a new AV array from the HLR/AuC through
anAuthentication Request and Response (ADR) Let N be the total number of ADRs performed when the

Consider the timing d|agram in Fig. 3. Suppose that Vs obtained from the HLR/AuC ig<. Suppose that the ag-
MS enters a new SGSN area at timg,. The MS sends a gregate incoming/outgoing call and registration arrivals form a
registration message to the SGSN. Since the SGSN does R@tsson process with rate As we mentioned earlier, for every
have authentication information, the distribution of authentifcoming/outgoing call and registration, a UAR is performed.
cation vector procedure is executed through an ADR, wherér & specific period, let ©(n, K, 7) be the probability that
the number of AVs obtained from the HLR/AUC I§. After there arex ADRs to the HLR/AuC. Note that ADRs are per-
the SGSN has obtained the AV array from the HLR/Audormed if there argn — 1)K + k (1 < k < K) UARs in the
mutual authentication is performed between the SGSN and f#fiodT. According to the probability function of the Poisson

MS/USIM through aUser Authentication Request distribution, we have

and Response (UAR) message pair exchange (that is, Steps X

3 and 4 in Fig. 2) by using the first AV. After; ;, the second O(n, K, 7) = Z{ ()\T)(n—l)K+k } . @
authentication eventa call request or an inter-SGSN RA [(n—1)K + k]!

update) occurs at timg . The MS/USIM initiates the second =t

UAR, and the SGSN uses the second AV in the array for mutyadt ¢ he the period that an MS resides in an SGSN service area.
authentication. Attime, x, the last AV in the array is used for That is ¢ = 7y, — 1.1 in Fig. 3. Suppose thathas a general
the UAR of theK th authentication event. After; ., the next distribution with the denS|ty functlogﬁ( /), the meant /., and
authentication event occursat ;. The SGSN realizes that NOthe Laplace transfornfi* (s) = [ f(t)e~* dt. Let P(n, K)

AV is available, which issues the second ADR to obtain thgs the probability that there areADRs during the MSs resi-
next AV array from the HLR/AuC and then performs a UARgdence in the SGSN area. Then

For the next incoming authentication events, ADRs and UARs
are executed accordingly as described above. Attigng , the

MS leaves the SGSN area. The last authentication event beforep(n K) Jie 06 n, K, 6)f(2) dt
Tn+41 OCcurs atry ; (wherel < ¢ < K), which utilizes the K .0 (n—1)K+k
ith AV in the AV array. Thus, during the periothy+1 — 71, 1. = Z / { '} e‘”f(t) dt
(N — 1)K + i UARs andN ADRs are performed, and at time k=1"t=0 [(n = K + k]
Tn+1, K — i AVs are left unused in the SGSN. K A= K+k S '
We note that the ADR operation is expensive (especially = Z (n DK 1A }/ (=K +k
when SGSN and HLR/AuUC are located at different countries). k= 0
Therefore, one may increase the AV array sizéo reduce the x f(t)e= dt (2)
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_ f: {ﬂ} (1)K From (7), (3) is rewritten as
Z\ = DK + 4! P(n, K)
(n—1)K+k £x I m; n—1)K
x [dd(n_—wfyfs)} @ =Y (mi = D™ (mid) "~ DK
5 —n P (mi/\ + ‘ui)(nfl)l(ﬂm

where (3) is derived from (2) using Rule P.1.1.9 in [18]. Let K . . k
E[N] be the expected number of ADRs when the MS resides in ~ x [Z <(" -DK +k+m; — 1) <m—)\> ] } '
an SGSN service area. Then Pt m; — 1 m;\ +

(8)

The hyper-Erlang distribution is appropriate to approximate

. ) that is either Coxian or SOHYP distributed or more generally
We deriveP(n, K) and E[N] based on three SGSN res'dencﬁhase-type distributed [9], [10]

time distributions as follows.
Gamma Distribution: If f(¢) is a gamma density function
with mean1/n and variance, then

E[N] =) nP(n, K). (4)

Exponential Distribution: Let y>v = 1 in (6) or let] =
1, m; = 1in (8). In this caset is exponentially distributed,
and (3) is rewritten as

o= (o25)” " ()]

F5(s) = (1 + pos)~ /w0

and
P =1 ) Also, (4) is rewritten as
{,3 z(s) = (=)' {H (T +j> (14 pos) /oD, @ .
s j=o \HTY E[N]= ————. 9)
5) 1— (%)
We are particularly interested in the gamma distribution. It has th

been shown that the distribution of any positive random variabléne exponential distribution may not capture the details of the

can be approximated by a mixture of gamma distributions (seeal SGSN residence times for a mobile network. However, this

[8, Lemma 3.9]). One may also measure the SGSN residentistribution is good for mean value analysis, which does capture

times of an MS in a real PCS network and the measured déte trend for the performance of a system [11].

can be approximated by a gamma distribution as the input toLet C'(K) be the total message transmission cost for ADRs

our analytic model. It suffices to use the gamma distributionghen an MS resides in an SGSN area. Then

with different shape and scale parameters to represent different

SGSN residence time distributions [14].
From (5), (3) is rewritten as

C(K) = E[N] x (K + 2a) (10)

wherea represents the cost for an SS7 message overhead nor-
K (\pw)n-DE+E malized by the cost of an AV transmission and the processing
P(n, K)= Z {—'} time for generating the AV through the authentication proce-
k=1 [(n = K + k]! dure. In the right-hand side of (10), this overhead is considered
(n—1)K4k—1 1 for theRequest andResponse message pair exchanged in
X { { H (T + Jﬂ an ADR. From (9) and (10), the total ADR transmission cost for
F=0 wv exponential SGSN residence times is expressed as

K+ 2a

A K-
1- (%)
Hyper-Erlang Distribution: Another distribution that has
very general approximation capability to the probability distri- [ll. PERFORMANCE OFFIXED-K MECHANISM

bution of any nonnegative random variable is the hyper-ErlangTnis sections shows how the expected nuniBey] and cost

distribution [6], [8] with the mean C(K) of ADR are affected by the AV array siZ€. We say that
1 I Bim the AV array size is selected by tfized-K' mechanisnif the
Elt] = - = Z <#> selectedX value is fixed throughout an MS'’s lifetime. Our ana-
b= _’“ o lytic model in the previous section can be used to compijifé]
wherem; is a positive integer, andC(K) for the fixed-K mechanism. The analytic results are
compared with the simulation experiments as shown in Figs. 4
and 6. In both figures, the dashed curves represent the analytic

C(K) = (11)

% (1 +l“))\)—[l/HQv—l—(n—l)I(-‘rk]} ) (6)

T
B; >0, andZﬂi =1.
=1

The Laplace transform of the hyper-Erlang distribution is

I m;
f*(8)=2ﬂ7:<1+ ) | 7)
i1 ™y

results, and the symbols e, o, and* represent the simula-
tion results. These figures indicate that the analytic results are
consistent with the simulation experiments. Fig. 4 plB{sV]
againstK with various UAR (authentication event) arrival rates

A. The SGSN residence times are assumed to be exponentially
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Fig. 4. Effect of the UAR arrival rate. (exponential SGSN residence times K
with meanl/u).

Fig. 6. Effect of the variance for gamma SGSN residence times£ 10u).
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Fig. 5. P(n, K) probability distribution (exponential residence timas:= 107 1 10 107
10p). v (Unit: 1/p2)
1 ————s
distributed with meari/p. It is obvious thatE[N] is a de- 10715 -
creasing function of{. The figure indicates that fdiu < A < 10-30
20p and K > 10, E[N] is only insignificantly reduced by in- P L
. . o - : (100, K) 1045
creasingK. Fig. 5 plots theP(n, K) probability distribution, ‘
where)\ = 10u. The figure shows that the shapesffn, K) 10707
distribution are similar fol’ > 10, which are very different 1077
from the shape whe = 2. This observation is consistent T — . — N
with our statement for Fig. 4; i.e., tH€[V] values are roughly 107! 1 10 10?
the same for larg& values, and increasing does not improve v (Unit: 1/42)

the E[N] performance.

Fig. 6 shows the effect of the varianeéor the gamma SGSN Fig. 7. Effect of the variance for gamma SGSN residence time distribution
residence time distribution. The mean SGSN residence timeAis= 20).
1/, and the UAR arrival rate i8 = 10u. The figure shows that
aswv increasesF[N] increases. This phenomenon is explainela this case, it implies that after the SGSN has obtained the AV
as follows. Asv increases, more short SGSN residence timesray, only one AV is used for the first UAR. THé — 1 AVs are
and more long SGSN residence times are observed. For shaaisted. Similarly, as increases, more long residence times are
residence times, it is likely thaty1 < 71 2 in Fig. 3 and, observed, and alarger ADR number is expected J¥@60, K)
thus, N = 1 is expected. Fig. 7 indicates thB(1, K) signif- in Fig. 7]. Thus,E[N]is an increasing function af. The above
icantly increases as increases (especially when< 1/4%). discussion leads to the conclusion that for MSs with irregular
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30 SGSN residence time distributio;* can be obtained by dif-
98 Solid: hyper-Erlang; K = 3 ferentiating (11). That ig(™* can be approximated by
26 o: Gamma; K =3 A+ x A

* Y
24, Dashed: hyper-Erlang; K = 4 K* = [z], where <T) = (z+2)In <m> +1.
204\ o: Gamma; K =4

Fig. 9(a) shows thak™* increases aa increases. This result is
consistent with our intuition that if there are more UARSs, then
more authentication vectors should be delivered from the AuC
to the SGSN at a time. Fig. 9(b) shows tli#&t is only insignifi-
cantly affected by the variance of the SGSN residence time dis-
tribution. Specificallys < K* < 6 for 0.1/pu? < v < 100/p2.

IV. AUTOMATIC K-SELECTION MECHANISM

In 3GPP TS 29.002 [1]K = 5 is recommended for fixed<
mechanism. However, our study in the previous section indi-
cates that the optimal valug™* is affected by the traffic of

v (unit: 1/p2) UARs. T_his section proposes a per-uaatomaticK -selection
mechanismhat dynamically selects thE value based on the
SGSN residence time distribution and the UAR traffic pattern
Fig. 8. Effect of the SGSN residence time distribution. of an MS. The automatick -selection mechanism can be
implemented in MS or in AuC. If the mechanism is exercised

moving patterns, more network signaling traffic for authentic&t the MS, then every time the MS moves into a new SGSN
tion will be observed. As a final remark for Fig. 7, more resiService area, it forwards the nei value to the AuC through

dence times with lengths close to its mean value are obser(Bg registration procedure. If the mechanism is exercised by the
for smaller variance [seeP(7, K) in Fig. 7]. AuC, then the number of the UARs must be provided by the old

Fig. 8 plotsE[N] when the SGSN residence time distribuSGSN when the MS moves to the new SGSN or when the MS

. taches from the network. The old SGSN can either supplies
tions are gamma and hyper-Erlang. In our example, the hyp%f— .
Erlang distribution has parametefs= 2, m; = ms = 1, the number of the UARs (the number of calls and intra-SGSN

registrations when the MS resides in the old SGSN) to the
= , =1,and\ = 0u;. F the ab - . o
gtzers v\xé %V: P2 an p1- FTOM € aboVe param-, "o/aAuc when theCancel Location  message pair is ex-
' changed between the old SGSN and the HLR (see [4, Sec. 6.9]
or [13, Sec. 2, Ch. 9]), or the SGSN can gene detail

y 1+ (2 =1)p records(CDRs) for calls and intra-SGSN location updates (see
H= L + (v — 1)[31} r1, - {[1 + (v = 1)1]2u2 }’ [13, Sec. 6, Ch. 18]). The CDRs are sent to either a billing
1+ (y=1)8 gateway or an operation and maintenance center (OMC), and
A=0 [f} - (12) the OMC forwards the related information to the HLR/AuUC.

Let K(j) be theK value selected for th¢th iteration (i.e.,
when the MS resides in thgth SGSN area). The automatic
In Fig. 8, we seb).1 < 1 <0.9,0 = 100 andvy = 20. They, K-selection mechanism is described as follows.
v and\ values for the case of gamma distribution are assignedinitialization: When the user subscribes to the UMTS ser-
based on (12). Note thatif > 1, then asf; decreases; in- vice, an initial K value is assigned (e.gk (1) = 5 as 3GPP
creases and decreases. Thus, tieN] curves are decreasingsuggested). Then, every time the MS enters an SGSN area, the
(because\ decreases asincreases), which are different fromfollowing two steps are executed.
what we observed in Fig. 6, whepeis fixed. Fig. 8 indicates = Measurement StepDuring the jth SGSN residence period,
that E[N] curves are similar for gamma and hyper-Erlang dishe numberM/ of UARs are counted.
tributions. In the remainder of this paper, we only consider the Decision Step:When the MS leaves thgh SGSN area, we
gamma SGSN residence time distribution for our performandetermine if thek” value should be adjusted 16, = K(j) — 1
study. The results for hyper-Erlang residence times are simi(@ecrementX (j) by one),Ks = K(j) (no change)K; =
and will not be presented. K (j)+1 (incrementK (j) by one). We use (10) as the heuristic

By assumingy = 1in (10), Fig. 9 plots”( K') againstK with  to compute three costs as follows:
various UAR arrival rates. The SGSN residence times are ex-
ponentially distributed in Fig. 9(a), and are gamma distributions ¢ = [%W x (K; + 20) fori=1.92. 3. (13)
with various variance values in Fig. 9(b). SinE&N] is a de- ' T
creasing function of< (see Figs. 4 and 6), the produstF|[NV] ] )
[and thusC'(K )] results in concave curves shown in Fig. 9. Thapased on (13)K(j + 1) is selected as
is, asK increases('(K) decreases and then increases. Két
be the optimal value that minimizes the castFor exponential

i

K(j+1) = K, wherel <[ < 3,and¢; = 1121213 ci. (14)
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Fig. 9. Cost of ADRs (the mean of the SGSN residence timégi9. (a) Exponential residence times. (b) Gamma residence ties{0y).
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Fig. 10. Performance of thé-selection mechanism: Exponential SGSN
residence times with mealry z¢.
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From the above discussion, it seems reasonable that when the
MS enters thg + 1st SGSN area, the AV array size for ADRs
is assigned the valu&'(; + 1) computed in (14). However,

from our experiments (to be elaborated later), this is not the b
choice. Instead, the best performance is achieved when a smiC(k)

K value is selected. Define three AV array size assignments gAl

thej + 1st iteration as follows.
AV array size ismax(K(j + 1) — 2, 1).
AV array size ismax(K(j +1) — 1, 1).
AV array size isK (5 + 1).
As we will see laterd, will yield the best performance in most
cases. Also note that choosing any AV array sizes larger th
K (j+1) always yields performance worse than thatdgrand
these scenarios will not be presented in this paper.

Figs. 10-12 show the performance 4f, A5, and A, and Patems.
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residence times\(= 10u).
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Performance of th& -selection mechanism: Mixed UAR arrival

a = 1in (13). Note that the actual value depends on the a values. LetC4,, C4,, andC 4, be the ADR transmission cost
implementation of the AV data structure in a mobile networkor A;, A,, and A3, respectively. As defined before, I€Y{ K)
However, the conclusions presented in this paper holds for dvg the cost of fixed” mechanism with the array siz€. Three
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scenarios with various SGSN residence time distributions and ¢ IncreasingK will decrease the expected numhBfN]

UAR traffic patterns are considered. of accesses from the SGSN to the HLR/AuC. However,
Exponential SGSN Residence Time Distributiéfig. 10 when K is large, increasindg< only insignificantly re-

plots C4,, C4,, Ca,, andC(K) for 2 < K < 20. The ducesE[N].

SGSN residence times have exponential distribution with mean « When the variance of the SGSN residence times increases,

1/p. The UAR arrival rates ar@ = 5u, 10u, 154, and20y, E[N] increases.

respectively. The figure indicates that, in most cases, the costse Let C(K) be the cost for the SGSN to access the authen-
for the automaticK -selection mechanisms are close to each tication data of HLR/AuC [see (10){’(K) is a concave
other and curve, and there exists an optinfdlvalue that minimizes
C(K).
Ca, > Ca, > Cap = C(K™) (15) + The optimalK value increases as the authentication event
(UAR) rate X increases.

Study on the fixedK” mechanism suggests thidtshould be ad-

Gamma SGSN Residence Time Distributidig. 11 plots justed based on the authentication traffic so_thatth_e(d()Kt) is

the cost curves. where the UAR arrival rate\is 201 and the reduced. We proposed a per-user automitiselection mech-
urves, w v ! K anism that dynamically selects tlievalue based on the SGSN

SGSN residence times have gamma distribution with variances. . co ) :
v = 10/42,1/4%, ando.1/ 2, respectively. Inequality (15) also feidence time distribution and the UAR traffic pattern of an

S ) _~MS. Our study showed that the automaficselection mech-
holds for most cases in this scenario. Although the costifas - . . . .
) . : anism effectively identifies appropriat€ value to reduce the
slightly greater than that fad; whenw is large, the difference . . o -
‘s insianificant and can be ianored. However becomes less network signaling cost. Specifically, our study indicated that the
gni 9 . & performance of the automati€-selection mechanism (partic-
accurate in terms of capturing th€* value. The cost ofd,

. N . . larly A5) is close to (and may be better than) the performance
Irsesviﬁreyngleozaéosc(l( ) as in the case for exponential SGS'\Ef the fixed& mechanism with the optimdl” value.

Mixed UAR Arrival Patterns:Fig. 12 plots the cost curves
where the UAR arrivals have mixed patterns. In this figure, the
solid curve represents the case where the SGSN residence timdhe authors would like to thank the three anonymous
have an exponential distribution with meayi... The dashed reviewers. Their comments have significantly improved the
curve represents the case where the residence time distributioality of this paper.
is gamma with mean /p and variancer = 100/, In both

whereK* is the optimalK value that minimizes the coét in
the fixed-K mechanism.
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